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Is the renal risk of adults 
determined in utero?
E Ritz1
Renal (and cardiovascular) risks are to a considerable extent 
determined in utero. The results of the prospective study of Verburg 
et al., sequentially measuring the growth of fetuses and the volume 
of their kidneys in a large population-based sample, identify some 
determinants of impaired growth of fetal kidneys.
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One of the more exciting recent epide-
miological ﬁndings is the documenta-
tion that cardiovascular and renal risks 
in adult life are to a considerable extent 
determined in the prenatal and perina-
tal periods. This insight goes back to the 
observation of Barker1,2 that, in adult 
life, subjects born with low birth weights 
have a higher risk of developing hyper-
tension, metabolic syndrome, diabetes, 
and cardiovascular events. Although 
this hypothesis was criticized and ini-
tially not confirmed by all investiga-
tors, the evidence today appears to be 
quite solid.3 It is currently not perfectly 
clear to what extent the higher cardio-
vascular risk in adult life is the result of 
retarded prenatal growth or of postnatal 
catch-up growth.4 Because hyperten-
sion, metabolic syndrome, and type 2 
diabetes are established risk factors for 
kidney disease, this alone would justify 
an interest of nephrologists in prenatal 
programming. Several years ago, how-
ever, the issue was carried even one step 
further by Brenner et al., who postulated 
that compromised growth in utero per 
se leads to the development of fewer 
nephrons (‘nephron underdosing’), 
thus causing hypertension and predis-
position to renal disease in adult life.5 It 
has meanwhile been conﬁrmed that, at 
least among white subjects, hypertensive 
adults have a lower number of neph-
rons than normotensive adults.6 Fur-
thermore, experimental studies suggest 
that nephron underdosing may cause 
proteinuria and histological lesions of 
the kidney.
What are the insults that impair fetal 
organ growth, and by which mecha-
nisms does nature then retard develop-
ment of organs such as the pancreatic 
islets or kidney in response to an insult? 
Known insults include, for instance, 
malnutrition of the mother, uterine 
underperfusion, smoking, and hyper-
glycemia of the mother. A plausible 
mechanistic theory postulates that in 
order to guarantee optimal growth of 
the brain in the presence of restricted 
resources for growth, nature falls back 
on resources for the development of 
‘peripheral organs.’ In the Babylonian 
Talmud it is stated that “the human body 
was given ten organs of which it is the 
task of the kidney to provide the human 
body with thought.” To the chagrin of 
nephrologists, nature is apparently less 
wise than the ancient rabbis and does 
not share their high opinion of the kid-
ney; if brain development requires sup-
port, the kidney is relegated to an organ 
of secondary importance.
Which mechanisms are used to guar-
antee preferential growth of the brain? 
Suspected mechanisms include diver-
sion of metabolic substrates and of 
stem cells, as well as epigenetic changes 
— for example, methylation of DNA 
and acetylation of histones, alteration 
of homeostatic set points that con-
trol metabolism, and so on (‘thrifty 
phenotype’).
Is there evidence in humans that 
renal malfunction and chronic kidney 
disease are associated with and caused 
by retarded fetal growth and presumed 
nephron underdosing? The evidence is 
extremely sparse. One suggestive piece 
of evidence is the observation that in 
oﬀspring of Dutch mothers who in the 
course of war events had been exposed 
during pregnancy to a devastating fam-
ine (‘hunger winter’), a trend for higher 
urine albumin–creatinine ratios was 
found.7 Furthermore, children with low 
birth weight had higher albumin excre-
tion rates at age 19 years.8 But a lower 
number of nephrons (ﬁrst hit) in and 
by itself is presumably not suﬃcient to 
cause progressive chronic kidney dis-
ease. It is thought, however, to increase 
the risk of progressive chronic kidney 
disease if the kidney is injured by some 
insult (second hit), for example, hyper-
glycemia or immune disorder.
Against this background, information 
on the development of the human kid-
ney from the prospective study of Ver-
burg et al.9 (this issue), with sequential 
measurements in a representative sam-
ple of the population to allow broader 
generalization, is of considerable inter-
est. The authors extended previous 
ﬁndings that growth-restricted fetuses 
had smaller kidneys.10 Verburg et al.9 
studied fetal growth characteristics and 
blood ﬂow parameters using ultrasound 
and Doppler techniques to address the 
major determinants of fetal kidney 
growth among the following factors: 
maternal characteristics, fetal growth 
in the midtrimester and last trimester, 
fetal blood ﬂow distribution between 
brain and kidney, and placental per-
fusion. The major readouts were kidney 
volume — this is, of course, an indirect 
index of nephron numbers at best, but 
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Figure 1 | Intrauterine programming and adult cardiovascular risk.
of interest in and by itself — and amni-
otic ﬂuid volume as an indirect index of 
kidney function. The results are in part 
self-evident, in part valuable additions 
to our current state of knowledge (or 
ignorance).
To start with the negative ﬁndings, 
maternal smoking, obesity, blood pres-
sure, and diabetes did not affect the 
readouts. With appropriate adjustments, 
fetal growth characteristics in the late 
trimester did aﬀect fetal kidney volume, 
indicating that the late trimester is the 
decisive determinant for the achieved 
kidney volume. The mechanistically 
most interesting ﬁnding is the depend-
ence of achieved fetal kidney volume 
on placental resistance and blood ﬂow 
redistribution in favor of the brain — in 
accordance with the above-mentioned 
hypothesis that resources for growth of 
the brain take precedence over growth 
of the kidney — although further work 
is necessary to make sure that the asso-
ciations found are causal.
As a side observation, the authors 
found that kidney volume was positively 
associated with amniotic ﬂuid index and 
single deepest pocket. If confirmed, 
this may turn out to become a clinically 
valuable index and possibly an indirect 
index of nephron number.
The work-up used in the study by 
Verburg et al.9 is certainly not clinically 
routine, but in principle such proce-
dures may become valuable to recognize 
pregnancies at high risk and predict the 
need for follow-up.
Of great interest in the study cohort 
will be the evolution of blood pressure, 
urine ﬁndings (albuminuria), and indi-
ces of renal function in the ongoing 
follow-up of the oﬀspring that had been 
evaluated as fetuses in utero. This will 
allow testing of the hypothesis that low 
fetal kidney volume translates into high 
cardiovascular and renal risk in adoles-
cent and adult life (see ﬁgure).
One negative surprise of the study 
is the inability to confirm an impact 
on fetal kidney volume in two known 
high-risk pregnancy constellations, 
smoking and hyperglycemia. This may 
be a negative chance ﬁnding or may be 
due to limitations in the sensitivity of 
the method, or else fetal kidney volume 
may not faithfully reﬂect changes in kid-
ney structure — for example, nephron 
underdosing. Admittedly it is also con-
ceivable that the ﬁnding is correct, indi-
cating that the impact on fetal kidney 
volume is not identical for all high-risk 
constellations. At any rate, further dedi-
cated studies of such high-risk pregnan-
cies would be desirable.
REFERENCES
1. Barker DJ. Deprivation in infancy and risk of 
ischaemic heart disease. Lancet 1991; 337: 981.
2. Barker DJ. The origins of the developmental 
origins theory. J Intern Med 2007; 261: 412–417.
3. Ingelfinger JR. Prematurity and the legacy of 
intrauterine stress. N Engl J Med 2007; 356: 
2093–2095.
4. Bhargava SK, Sachdev HS, Fall CH et al. Relation 
of serial changes in childhood body-mass 
index to impaired glucose tolerance in young 
adulthood. N Engl J Med 2004; 350: 865–875.
5. Brenner BM, Garcia DL, Anderson S. Glomeruli 
and blood pressure. Less of one, more the other? 
Am J Hypertens 1988; 1: 335–347.
6. Keller G, Zimmer G, Mall G et al. Nephron 
number in patients with primary hypertension. 
N Engl J Med 2003; 348: 101–108.
7. Painter RC, Roseboom TJ, van Montfrans GA et 
al. Microalbuminuria in adults after prenatal 
exposure to the Dutch famine. J Am Soc Nephrol 
2005; 16: 189–194.
8. Keijzer-Veen MG, Schrevel M, Finken MJ et 
al. Microalbuminuria and lower glomerular 
filtration rate at young adult age in subjects 
born very premature and after intrauterine 
growth retardation. J Am Soc Nephrol 2005;  
16: 2762–2768.
9. Verburg BO, Geelhoed JJM, Steegers EAP et 
al. Fetal kidney volume and its association 
with growth and blood flow in fetal life: The 
Generation R Study. Kidney Int 2007; 72:  
754–761. 
10. Silver LE, Decamps PJ, Korst LM et al. Intrauterine 
growth restriction is accompanied by decreased 
renal volume in the human fetus [published 
erratum appears in Am J Obstet Gynecol 2004; 
190: 1062]. Am J Obstet Gynecol 2003; 188: 
1320–1325.
